Palliative radiotherapy (PRT) can improve quality of life for people dying of cancer. Variation in the delivery of PRT by factors unrelated to need may indicate that not all patients who may benefit from PRT receive it. In this study, 13,494 adults who died of cancer between 2000 and 2005 in Nova Scotia, Canada, were linked to radiotherapy records. Multivariate logistic regression was used to examine the relationships among demographic, clinical, service, and geographic variables, and PRT consultation and treatment. Among the decedents, 4188 (31.0%) received PRT consultation and 3032 (22.3%) treatment. PRT declined with increased travel time and community deprivation. Females, older persons, and nursing home residents also had lower PRT rates. Variations were observed by cancer site and previous oncology care. Variations in PRT use should be discussed with referring physicians, and improved means of access to PRT considered. Benchmarks for optimal rates of PRT are needed.
Introduction
Palliative radiotherapy (PRT) plays an important role in the care of people dying of cancer 1,2 through the palliation of symptoms such as pain, bleeding, and obstruction. 3, 4 Radiotherapy (RT) is cost-effective compared with other available palliative treatments, [5] [6] [7] [8] and is inversely correlated with hospital bed use at end of life. 9 PRT is one form of palliative medicine that has the potential to improve quality of life for patients with advanced cancer. However, variation in the delivery of PRT associated with factors unrelated to patient need, such as lower socioeconomic status and longer distance to treatment, have been observed. [10] [11] [12] This is despite the fact that in Canada, a universal, singlepayer insurance system limits explicit financial barriers to care that have been identified in other countries. 1, 13, 14 Surveys suggest that transportation to treatment centers may be a barrier to referral, particularly in rural areas. 15, 16 Studies to date which have directly assessed PRT service use have been limited by crude measures of geographic and socioeconomic variables, and few markers of health services received. County of residence, 10 straight-line distance from residence to treatment center, 11 and driving distance 12 have been used to measure geographic accessibility, while median household income was used to measure community socioeconomic status. [10] [11] [12] This new study seeks to better understand factors affecting access to PRT through the use of improved measures of travel time and community deprivation, and by mapping results as a means of enhancing knowledge exchange with the goal of improving equity in access to quality care. Associations with nursing home residence, hospital as the place of death, and medical oncology consultation which were not available in our earlier study 11 have also been incorporated.
Methods

Study context and population
The province of Nova Scotia, Canada, has a total population of 913,462. 17 During the time period of this study, RT was provided in the regional cancer centers located in the two major urban centers, Sydney and Halifax. These cities correspond to District Health Authorities (DHAs) 8 and 9, respectively. The study population is the 13,494 adults (20 years or older) who died between 2000 and 2005 in Nova Scotia with cancer as the underlying cause of death on their death certificate.
Sources of data and study variables
The Oncology Patient Information System includes all cancer diagnoses in the province reported in the cancer registry (CR), cancer deaths from Vital Statistics (VS) death certificates, and the provincial cancer center treatment database (TX). Date of birth, sex, and date of cancer diagnosis were obtained from the CR. Underlying cancer cause of death using the tenth revision of the International Classification of Diseases (ICD-10), date and place of death, and postal code of residence were from VS. Dates of RT, number of RT fractions, treatment intent (palliative or non-palliative), and medical oncology consultation were from the TX. The two outcomes of interest were the probabilities of receiving a PRT consultation and treatment in the last 9 months of life.
Road travel time to the closest treatment center provides a more accurate measure of accessibility than straight-line distance. 18 The longitudinal/latitudinal grid reference points of the two cancer centers and each decedent's residential postal code at death were captured in a geographic information system along with the boundaries of cities and towns, the road network, average vehicle speeds by road type, and urban/rural location. A travel time to PRT map of isochrones (lines of equal travel time) was then generated.
Deprivation indexes that incorporate income and other dimensions of community material and social deprivation have been used in the United Kingdom, [19] [20] [21] and more recently adapted for Canada. [22] [23] [24] The index employed in this study combines six census variables: (1) percent of adult population (aged 20 years or older) that completed high-school education; (2) ratio of employed adults to population; (3) median household income; (4) percent of population living alone; (5) percent of adults separated, divorced or widowed; and (6) percent lone parent families. The first three variables capture material deprivation, while the second three reflect social deprivation. 24 Deprivation was calculated by dissemination area (DA), the smallest census unit for which data are available. DA populations are typically between 400 and 700. In each DA, the six census variables were expressed as percentages, log-transformed if skewed, normalized by calculating z-scores and then summed. The resulting deprivation scores range from 1-5, with higher values indicating more deprived areas. Decedent residential postal codes were linked to DA deprivation scores using a Statistics Canada postal code conversion file.
Rural residence was defined by '0' as the second character in the postal code of residence. This indicates areas where there are no letter carriers (i.e. rural residents go to a post office or postal box to pick-up their mail). 25 Although it is based on Canadian postal geography and does not incorporate population counts directly, it acts as a proxy for population density, and compares closely with a map of urban areas based on accepted Statistics Canada census definitions.
Nursing home residence at the time of death was determined using the method of O'Brien et al. 26 Methods for other variables including PRT have been previously reported. 11 Cut-off points for inclusion of 2 years to 9 months for previous medical consultations and 9 months for PRT were determined using sensitivity analysis. ICD codes were grouped to describe major cancer sites and illustrate variation in use of PRT.
Statistical analysis
Rates of PRT consultation and treatment, as well as median travel time, deprivation scores, and percent rural residents, were tabulated by DHA. Deprivation scores, travel time, and percent receiving PRT by DHA were mapped to provide comparisons at the geographic unit used to plan health services.
Potential covariates were assessed for association with PRT consultation and treatment, with continuous variables categorized. Cut-points for survival time were determined by a classification and regression tree (CART) analysis. 27 Backwards stepwise logistic regression was used to investigate the role of variables in determining whether or not a decedent received PRT consultation and treatment, controlling for the effects of other variables. Results are presented as odds ratios (ORs). Statistical significance was assessed through the likelihood ratio test statistic and using 95% confidence intervals (CIs). Since patients in Cumberland (DHA 5) may access health services in the neighboring province of New Brunswick, regression models were computed with and without these people. This sensitivity analysis showed that the resulting estimates were very similar, with no differences in the direction or statistical significance of effects. Therefore, the models presented herein include Cumberland residents.
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Results
Of the 13,494 people who died between 2000 and 2005, 4188 (31.0%) received a PRT consultation and 3032 (22.5%) received PRT treatment in the last 9 months of life. Among the study subjects, 53.4% were male and 29.0% were aged 80 years or older (Table 1) . Younger decedents (20-59 years) had higher rates of PRT consultation (44.1%) and treatment (34.2%). The most common cancer diagnosis was lung (27.5%).
Across the cancer sites, PRT consultation and treatment were most commonly given to those dying from lung (49.4%, 37.3%), breast (35.4%, 31.5%), melanoma (51.8%, 39.5%), and prostate (30.4%, 27.6%) cancer. Those who survived 1.5-26 months after their cancer diagnosis had the highest PRT consultation and treatment rates (39.8%, 28.0%). Those surviving more than 26 months had PRT consultation rates (24.9%) similar to their treatment rate (22.5%). Those living less than 1.5 months after their cancer diagnosis had the lowest PRT consultation (13.8%) and treatment (5.6%) rates.
The 419 (3.1%) of decedents who had a previous medical oncology consultation had high rates of PRT consultation and treatment (78%, 72.6%). In contrast, the 968 (7.2%) decedents who lived in nursing homes at their time of death had low rates of PRT consultation and treatment (16.6%, 11.1%). The rates for those who died in hospital (31.9%, 22.9%) were close to the mean for all decedents (31.0%, 22.5%). The 2135 (15.8%) who had had previous RT had a PRT consultation rate (32.6%) close to their treatment rate (31.5%).
Rates of PRT consultation and treatment declined with increasing travel time. Deprivation was inversely associated with PRT: the least deprived quintile had the highest PRT rates (34.9%). Rural residents had slightly lower than average univariate PRT consultation and treatment rates (28.7%, 21%).
In Figure 1 , deprivation scores mapped by DA show considerable variation within each DHA, for both urban (Halifax inset) and rural areas. Data for areas with low population counts are suppressed. Figure 2 shows isochrones of 1-h intervals for travel time to PRT and circles representing PRT rates by DHA, visually demonstrating their geographic relationship. Table 2 shows travel time, deprivation and rural population along with PRT rates for the nine DHAs ranked by median travel time. DHAs with longer travel time tended to have higher proportions of rural residents and median deprivation scores. An exception was Cape Breton (DHA 8) which has a short travel time, includes an RT treatment center that opened in late 1998 and a largely urban population, but the highest median deprivation score, and PRT consultation and treatment rates that are in the middle of the DHA rankings. The low PRT consultation and treatment rates in Cumberland (DHA 5) reflect patients accessing services in the neighboring province of New Brunswick. The Southwest region (DHA 2) had the longest travel times to treatment and relatively low rates of PRT consultation and treatment (24.1%, 18.2%). The highest consultation and treatment rates (37.7%, 27.0%) were in DHA 9, which has the largest and longest-standing RT center.
The univariate results for PRT consultations showed similar trends to those for treatment, with only a few exceptions ( Table 3) . Those with a diagnosis of head and neck cancer were twice as likely to have a consultation than to receive treatment, as were those with a survival time of less than 1.5 months. In contrast, those with previous RT had a PRT consultation rate that was not significantly different from the average (OR ¼ 1.09; CI: 0.99-1.20) but a treatment rate significantly higher than average (OR ¼ 1.76, CI: 1.59-1.94), reflecting their similar PRT consultation and treatment rates (32.5%, 31.6%) ( Table 1 ). Year of death was not significantly associated with PRT consultation or treatment and so was not included.
In the multivariate analysis, the association of sex, age, cancer site, survival time, nursing home residence, and longer driving time with PRT consultation and treatment remained (Table 3) . Increased odds were observed among those who had a previous medical oncologist consultation, though less than in the univariate results. In the univariate analysis, the PRT consultation rate was not associated with previous RT, but in the adjusted analysis previous RT was associated with lower odds of PRT consultation. For PRT treatment, the significant univariate findings for previous RT were no longer significant in multivariate analysis. Lower deprivation scores remained marginally significant. Death in hospital and rural residence were no longer significant in multivariate analysis ( Table 3 ). The multivariate best-fit model did not include place of death, place of residence, and for PRT, previous RT.
Discussion
Demographic and clinical variables
Our finding that older decedents were less likely to receive PRT treatment and consultation is consistent with previous research both for PRT 10, 11 and for palliative care programs more broadly. 28 Sex and cancer site were controlled, so they cannot explain this association with age. We identified and controlled for nursing home residence, but even so the association with age remained. Other research carried out by our team showed that longer travel time may be a greater barrier for older people accessing palliative care programs. 29 The fact that those who survived less than 1.5 months had lower odds of receiving consultation may not be inequitable if this reflects little potential benefit or informed patient choice. 30 Research has shown lower rates of RT with increasing comorbidity. 31 Those with short survival time from their cancer diagnosis to death may have more comorbid conditions, as may older decedents and nursing home residents.
Certain types of advanced cancer are more amenable to PRT treatment. Common sites of metastatic disease that are likely to benefit from PRT are bone (which frequently arise from lung, breast, and prostate cancers) and brain (which are most likely to develop in patients with breast and lung cancer). 2 High PRT rates for melanoma are expected, since radiotherapy can provide effective palliation and chemotherapy provides a less reliable response. The finding that Table 2 . a diagnosis of head and neck cancer was associated with a high rate of PRT consultation but not treatment may result from the high level of morbidity associated with cancers of the head and neck. Surgical salvage and radical or high-fraction RT retreatment may be more common than for other cancers, and PRT may not be advisable when the recurrence occurs in the same anatomic vicinity as previous RT.
In contrast to the greater-than-average differences between PRT consultation and treatment rates for head and neck cancer, and for persons surviving less than 1.5 months, sometimes the PRT consultation and treatment rates were very similar, for example among those who survived longer than 26 months (24.9%, 22.5%) or had previous RT (32.6%, 31.5%), and thus may reflect the appropriateness of these referrals. Table 2 . Survival longer than 26 months may reflect indolent disease or the availability of effective chemotherapy or hormonal treatment, and thus fewer symptoms requiring PRT. It is difficult to determine whether observed rates of use by cancer site are appropriate, as no benchmarks exist for optimal PRT rates. However, the PRT consultation and treatment rates for the region with the highest rates, and that includes the largest cancer center, might be a benchmark for optimal care in the province (DHA 9: 37.7%, 27.0%).
Health service variables
Nursing home residents were half as likely to receive a PRT consultation, and when it did occur, equally unlikely to access treatment. Research is lacking on the relationship between nursing home residence and access to PRT, although there is evidence of low enrolment rates of nursing home residents in comprehensive palliative care programs. 26, [32] [33] [34] Our findings highlight the importance of ensuring that nursing home residents have access to comprehensive palliative services, including PRT where appropriate. Prior medical oncology consultation was associated with increased PRT rates.
Visiting one specialist at a cancer center may be associated with an increased likelihood of referral to another type of specialist, which may reflect either need or ease of access. After controlling for other variables, previous RT treatment was associated with a decreased likelihood of a PRT consultation. It could be that previous RT controlled the disease at the treatment site and so local progression was not a problem requiring palliation. It may also be that a further consultation with a patient known to the radiation oncologist may not have been coded as a new consultation for PRT. Still, the possibility exists that there may be lower than optimal rates of referral to PRT after previous RT. Historically, there has been a misunderstanding by some physicians that radiotherapy can only be used once.
Most people would prefer to die at home rather than in hospital if the services they need can be made available to them. 35 Therefore, we wanted to determine if PRT rates continue to be associated with dying in hospital as we previously observed. 35 No association was observed in the multivariate analysis.
Geographic factors: Travel time, deprivation and rural residence
Living in a rural area was a predictor of lower rates of PRT consultation and treatment in the univariate analysis. However, in the multivariate analysis, rural residence was no longer significant due to colinearity with travel time and deprivation. Rural areas tend to be more materially deprived than urban centers and have longer travel times ( Table 2) .
The mapping of deprivation scores in Figure 1 shows that their variation within the DHAs is considerable, and deprivation is not just an issue in rural areas. Referring physicians and PRT providers should be sensitive to the possibility that deprivation might limit PRT access across all districts of the province.
The mapping of deprivation scores and travel times along with the PRT rates is a useful tool for knowledge exchange. This mapping is visually more effective than the tables of percentages and ORs used in the past to disseminate findings. 11 The inverse relationship between travel time and PRT was partially addressed after our previous paper 11 with the opening of the Sydney RT center (DHA 8) in late 1998 in northeast Nova Scotia. In 2005, toward the end of the time period of this latest study, a visiting radiation oncologist began providing consultation in the largest town in the Southwest district (DHA 2); patients still travel to Halifax for treatment. Further options for limiting the impact of travel and deprivation should be considered.
Other strategies to improve access
Various strategies may improve access and reduce barriers. Family physicians, particularly in areas with low PRT rates, need further education on when a PRT consultation would be advantageous. 15, 36 Providing visual presentations such as Figures 1 and 2 may help to further identify problems and promote dialogue on improving PRT access.
Recent meta-analyses and reviews of randomized clinical trials report that single-fraction radiotherapy provides equal efficacy of pain relief when compared with multiple-fraction radiotherapy. [37] [38] [39] Single fractions are more convenient for people, can reduce the strain on radiotherapy resources, and are increasingly being used in other jurisdictions. 40 While in Nova Scotia multiple fractions were commonly used during the time period of this study, the Halifax treatment site has been exploring the implementation of rapid response radiotherapy to provide therapy soon after referral and streamline the process, minimizing the number of PRT clinic visits necessary to deliver treatment. When appropriate, the aim is to have consultation, treatment planning and the initiation of treatment all in one visit.
In conclusion, this analysis prompts questions about equity in PRT. Differences in PRT rates by cancer type and survival time may reflect differences in need and expected benefit. However, further study on differences in PRT by both age and nursing home residence is advised. Differences by travel time and deprivation scores appear unrelated to need, and indicate that not all people who might benefit from PRT actually receive it. Mapping patterns may enable dialogue on improving PRT access. Oncology services prior to the last months of life influence the receipt of PRT. The determination of optimal rates of PRT consultation and treatment is necessary.
